A chemical profiling/dereplication exercise, involving the use of HPLC-NMR and mass spectrometry in combination with the MarinLit database, was conducted on the crude dichloromethane extract of the southern Australian marine brown alga Cystophora torulosa. This strategy was successful in identifying a total of nine secondary metabolites representing two principle structure classes, including seven resorcinol (1-7) and two polyene derivatives (8 and 9). Validation of this on-line dereplication strategy was supported by the isolation and complete 2D NMR assignment of the major secondary metabolite (1). This methodology was concluded to be suitable for the rapid on-line identification of the resorcinol and polyene structure classes that are frequently encountered in the genus Cystophora.
Marine brown algae of the genus Cystophora consist of 26 currently accepted species, all of which have been extensively studied [1] . The genus is endemic to Australasia with most species found exclusively around Australia [2] . A range of secondary metabolites representing an array of structure classes have been reported from various Cystophora species. These include polyenes, phloroglucinol derivatives, polyprenyl chromans, resorcinol derivatives, farnesylacetone derivatives, carotenoids, steroids, meroditerpenes, isoprenoid dihydroquinones and tetraprenyltoluquinols, amongst others [2] [3] [4] [5] .
To date the genus Cystophora has yielded in excess of 90 secondary metabolites [6] . As such it was deemed paramount that a chemical profiling/dereplication strategy be implemented for such a wellstudied marine organism. The methodology applied to crude extracts or enriched fractions that endeavors to exclude and therefore avoid an in-depth chemical investigation, so as to avoid the rediscovery of previously reported natural products, is the process known as dereplication. In a dereplication exercise the rapid analysis of natural product extracts or enriched fractions is necessary in order to quickly ascertain whether any potential new compound(s) may be present. Together with the spectroscopic information obtained from a dereplication exercise (e. g, NMR, MS and UV-Vis), the use of specific databases can be an invaluable tool in this process. The ability to search the chemical literature based on taxonomy and structural information, as well as other spectroscopic information such as molecular mass, is particularly important to circumvent lengthy isolation procedures that would otherwise lead to the re-isolation of previously reported compounds.
The chemical profiling/dereplication approach adopted in this study involved the use of the MarinLit database in combination with HPLC-NMR and mass spectrometric analyses. This ultimately led to the identification of nine secondary metabolites (1-9) representing two distinct structure classes (Figure 1 ).
The marine brown alga C. torulosa was extracted as outlined in the section 'Preparation of the crude extract of C. torulosa for onflow HPLC-NMR analysis'. The reversed phased analytical HPLC 
(8) chromatogram of the dichloromethane crude extract of C. torulosa indicated the presence of two principle classes of secondary metabolites. This was concluded on the basis of a comparison of the extracted UV profiles for the major compound and a minor, latereluting compound ( Figure 2 ). On this basis, separate reversed phased analytical HPLC methods were developed for each of the two classes of compounds present as described in the General Experimental Procedures section.
Chemical profiling methodologies were undertaken firstly to confirm the identity of the classes of compounds present and secondly to attempt the identification of each component present. On-flow HPLC-NMR chemical profiling of the earlier eluting compounds (Figure 3 ) was undertaken on the dichloromethane extract using the method described in the General Experimental Procedures section.
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On the basis of the 2D contour plot (Figure 3 ) obtained from the onflow HPLC-NMR analysis of the crude C. torulosa extract, five secondary metabolites were detected. It was concluded that these five compounds were structurally related, as they had very similar WET-1D 1 H NMR spectra, as well as similar UV profiles. In the onflow HPLC-NMR proton NMR spectrum, the major compound (1) displayed the presence of a characteristic triplet methyl signal at  0.86, two aromatic singlets at  6.07 and 6.01, overlapping proton signals at  2.70 and 5.28, and signals consistent with a straight chain alkane residing between  2.40 and 1.25.
On the basis of this information, the MarinLit database [6] was consulted and used to conduct searches of marine natural products reported from Cystophora species that contained the diagnostic triplet methyl signal. This search profile resulted in six possible compounds being identified. Both resorcinol and phloroglucinol derivatives display the characteristic triplet methyl and aromatic moieties that were observed in the on-flow HPLC-NMR analysis. In the major compound the two aromatic protons present in the 1 H NMR spectrum integrated for a total of three aromatic protons. This indicated that the major compound was in fact a resorcinol derivative which shows two different types of aromatic protons, while phloroglucinol derivatives only possess one distinct aromatic proton chemical shift integrating for a total of two protons. Owing to the similarities observed for the remaining compounds in the HPLC-NMR analysis, this allowed the five early eluting secondary metabolites to be identified as being structurally related resorcinol derivatives. However, it was not possible to unequivocally identify each compound definitively without a corresponding mass.
A small-scale off-line isolation of the compounds present would be required to permit either ESI-MS or GC-MS analyses to be conducted for each compound and therefore obtain a likely molecular mass for each of the compounds. This was achieved by performing a single analytical reversed phased HPLC collection of each of the compounds. Upon acquisition of the ESI-MS it was observed that the negative mode ESI-MS of the major secondary metabolite (1) exhibited a [M-H] -ion at m/z 339, indicating a possible molecular weight of 340 g/mol. This mass was added to the previous search criteria (ie. taxonomy and characteristic triplet methyl signal observed from the WET-1D 1 H NMR spectrum) in the MarinLit database. The number of possible compounds was now reduced to a single resorcinol derivative (1) .
A total of seven resorcinol derivatives were isolated and then subjected to ESI-MS analysis by performing an off-line small scale analytical HPLC collection. This resulted in two additional compounds being identified as opposed to the five observed by HPLC-NMR analysis. The two additional secondary metabolites were present in the crude dichloromethane extract of C. torulosa in very low quantities, which accounts for why they were not observed in the on-flow HPLC-NMR analysis. The additional compounds possessed the same UV profile as that of the other resorcinol derivatives.
When the WET-1D 1 H NMR and ESI-MS results for each of the minor resorcinol derivatives were entered into the MarinLit database without specifying the genus Cystophora, so as to broaden the search profile, the compounds were identified as 1-7 (Table 1) [7, 8] . The NMR and ESI-MS data for 1 were in accordance with that previously reported for this compound [7] . The resorcinol derivatives (1-2 and 6) had been reported from C. torulosa [7] , while compounds (3-5 and 7) were previously described from the sponge Haliclona sp. [8] . The identity of the two compounds 6 and 7, which were not detected in the HPLC-NMR analysis, but were isolated off-line for ESI-MS analysis, were tentatively assigned (Table 1) .
In order to validate and confirm the identity of these resorcinol derivatives, as determined from the chemical profiling of the crude dichloromethane extract by HPLC-NMR, it was decided that the major compound would be subjected to off-line purification by semi-preparative reversed phased HPLC followed by a complete characterization by NMR spectroscopy and mass spectrometry. Following the purification, complete 2D NMR characterization of the major secondary metabolite was conducted. The 2D NMR and ESI-MS unequivocally confirmed the structure of the major compound (1), as deduced from the dereplication exercise and found to be consistent with the literature data [7] .
A separate on-flow HPLC-NMR analysis of the later eluting compounds, as shown in Figure 4 , was undertaken using the method described in the General Experimental Procedures section. On the basis of this analysis it was recognized that the two later eluting compounds were structurally related to each other. These two compounds shared similarities with that of the resorcinol derivatives, primarily in the presence of the triplet methyl signal in the 1 H NMR spectrum. However, these two compounds did not contain the aromatic protons at approximately  6.00 and 6.10. On the basis of the lack of these signals, it was suggested that these compounds were most likely of the polyene structure class which lacks the aromatic moiety that is present in the resorcinol derivatives. The crude dichloromethane extract was then subjected to analytical reversed phased HPLC in order to isolate a small quantity of the polyenes for GC-MS analysis. By searching the diagnostic triplet methyl NMR signal and the mass obtained from GC-MS the identification of the polyenes as compounds 8 and 9 was possible ( Table 1) .
The WET-1D
1 H NMR spectra and GC-MS analyses were comparable with the literature data [7] . However, the MarinLit 
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database indicated that these compounds had not been reported from the genus Cystophora, but it did indicate that the polyenes 8 and 9 had been previously reported from the brown alga Fucus vesiculosus [9] . A further review of the chemical literature using Scifinder Scholar established that these compounds had actually been isolated and reported from a Cystophora sp. [7] .
The limitation of databases such as MarinLit is that while the polyenes had actually been previously isolated from a Cystophora sp. [7] , only one polyene (10), that was not isolated in this study, appeared in the database. This was based upon the search profile for the triplet methyl signal that was observed for all of the compounds in the HPLC-NMR analysis. Anomalies such as this one are common when searching specific databases and it serves as a warning to be thorough with the use of various databases in an effort to search the literature extensively.
Due to the fact that the secondary metabolites identified in this study were only isolated in minute quantities (sufficient for on-line HPLC-NMR and ESI-MS or GC-MS), together with the fact that the major compound (1) was found to degrade over time, these compounds were not evaluated for any biological activity.
Concluding remarks:
This study utilised HPLC-NMR as a means of chemical profiling the crude dichloromethane soluble extract of the marine brown alga C. torulosa. On the basis of the on-flow HPLC-NMR analyses of the crude extract, it was concluded that two classes of compounds were present. Analysis of the earlier eluting compounds led to the partial identification of the major component, namely the resorcinol derivative 1 with the assistance of the MarinLit database. The additional compounds present also possessed similar 1 H NMR spectra and UV profiles, suggestive of a group of structurally related resorcinol derivatives. Analysis of the later eluting compounds allowed for the partial identification of the two compounds as being of the polyene structure class. Subsequent small-scale analytical HPLC collections and analyses of these two classes of compounds permitted the ESI-MS or GC-MS to be obtained, which, in turn, allowed for the determination of the compounds as being the resorcinol derivatives 1-7 and the polyenes 8 and 9, in conjunction with the use of the MarinLit database. To confirm that the dereplication exercise was successful, semipreparative reversed phased HPLC was employed to obtain sufficient quantities of the major resorcinol derivative 1 that permitted a complete 2D NMR assignment of this compound to be carried out. All the compounds identified in this Cystophora sp. had been previously reported from other Cystophora spp.
Experimental
General experimental procedures: For detailed information on the general experimental procedures please see reference [10] . Analytical HPLC method development was conducted on the crude dichloromethane extract using isocratic conditions consisting of 80% CH 3 CN:H 2 O, which provided good separation of the early eluting group compounds (resorcinol derivatives). For the two later eluting compounds (polyene derivatives) 100% CH 3 CN provided sufficient separation. However, this was not suitable for the HPLC-NMR analysis as some D 2 O is required to maintain a lock. On-flow HPLC-NMR analyses were conducted on the crude dichloromethane extract using isocratic HPLC conditions obtained via analytical HPLC method development [80% CH 3 CN:D 2 O for the identification of the early eluting compounds (resorcinol derivatives) and 90% CH 3 CN:D 2 O for the identification of the later eluting compounds (polyene derivatives)], with detection at  max 230 and 254 nm. A single analytical reversed phased HPLC collection was conducted in order to isolate a small quantity of the minor secondary metabolites (2-9) to permit ESI-MS or GC-MS analyses to be carried out. These analytical HPLC collections were conducted using 90% CH 3 CN:H 2 O for the off-line isolation of 2-7 and 100% CH 3 CN for the isolation of 8-9 with detection at  max 220 and 254 nm in both cases. Semi-preparative reversed phased HPLC was conducted using isocratic conditions consisting of 90% CH 3 CN:H 2 O for the off-line isolation of the major secondary metabolite (1) with detection at  max 220 and 254 nm.
Biological evaluation and details of assays:
For detailed information on the biological assays refer to reference [11] . A 2 g sample of the C. torulosa specimen was extracted using 3:1 methanol: dichloromethane and evaluated for biological activity. The crude extract displayed cytotoxicity against the P388 (murine leukaemia) cell line with an IC 50 of 23,857 ng/mL. The extract also showed a 25% anti-viral cytotoxic zone of inhibition for Herpes simplex type 1 and a 75% cytotoxic zone of inhibition against the Polio virus type 1. The crude extract showed no anti-microbial activity against (Eschericha coli, Bacillus subtilis, Pseudomonas aeruginosa, Candida albicans, Trichophyton mentagrophytes and Cladosporium resinae). Preparation of the crude extract of C. torulosa for on-flow HPLC-NMR analysis: A frozen sample of C. torulosa (120 g) was extracted with 3:1 methanol: dichloromethane (1 L). This extract was decanted and concentrated under reduced pressure and sequentially partitioned into dichloromethane (748.4 mg) and methanol (1.2 g) soluble fractions, respectively. A portion of the dichloromethane fraction (112 mg) was concentrated under reduced pressure and then re-solubilised using 100% HPLC-NMR grade CH 3 CN and then filtered through a 0.45 m PTFE membrane filter (HP045 Advantec, Japan). For on-flow HPLC-NMR experiments 50 L (5,600 g) of the dichloromethane extract was injected using the conditions described in the General experimental procedures section.
Algal collection and identification:
Preparation of the crude extract for off-line isolation of secondary metabolites from C. torulosa: A portion of the crude dichloromethane extract (50 mg) that was used to conduct the HPLC-NMR analysis was also subjected to a single analytical reversed phased HPLC collection using the methods described above to conduct a small scale isolation of the resorcinol (1-7) and polyene derivatives (8) (9) . This was undertaken to permit either ESI-
